iodide derivatives having hydroxyl, amino, methyl, chloro and / or trifluoromethyl groups on the pyridine ring were synthesized from the corresponding pyridines and dodecyl iodide under 80 MPa in order to delineate a quantitative structure-activity relationship. The bactericidal and bacterioclastic activity of the derivatives against Escherichia coli K12 W3110 was strongly affected by the kind of substituent groups these derivatives possesed and their positions. The electron-releasing groups such as amino and methyl groups markedly enhanced such activity, while the electron-attracting groups such as carboxyl and carbamoyl groups reduced it. The bactericidal activity of derivatives was dependent on acidic dissociation constant of the corresponding pyridines and the chemical shift of methylene protons adjacent to the ammonium nitrogen. When bactericidal activity was plotted against bacterioclastic activity, the relationship was found to be linear. There was no correlation, however, between • bactericidal activity and hydrophobicity of derivatives. In conclusion, our findings suggest that the bactericidal activity of N-dodecylpyridinium derivatives is dependent on the electron density of the ammonium nitrogen, and also on the bacterioclastic activity.
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INTRODUCTION
Quaternary ammonium compounds (QAC) have been used widely in food industries, textile industries and hospitals as disinfectants. Some of them have potent bactericidal and fungicidal activity. Krysinski (1990) , Csiba et al. (1987) , Kourai et al. (1970; 1973; 1985a; 1986b; 1989; 1994b) and Yabuhara et al. (1972) reported on the antimicrobial characteristics of various series of QAC against bacteria, yeasts, and fungi. The antimicrobial activity was affected by the alkyl chain length (Devinsky et al., 1990; Kourai et al., 1978; 1980a) , the adsorbability (Kourai et al., 1980b; 1983a) and the hydrophobicity (Kourai et al., 1983b; 1983c) . The activity of pyridinium salts (Krysinski, 1991; Kourai et al., 1985b; 1986a; 1994c) was also significantly affected by chemical structure of the ammonium moiety. In addition, Kourai et al. (1985b) reported that there was a relationship between the antimicrobial activity of pyridinium derivatives and the acidic dissociation constant (pKa) for the corresponding pyridines. We further reported on the relationship between the antimicrobial and bacterioclastic activity of other QAC (Kourai et al., 1994a; 1994c; 1995) .
In this study, N-dodecylpyridinium iodide derivatives (12 compounds), having various substituents on the pyridine ring, were synthesized in order to delineate a quantitative relationship between its structure 
RESULTS AND DISCUSSION
Chemical properties of synthesized dodecylpyridinium derivative Table 2 shows the data of elemental analysis, melting points and yields of synthesized dodecylpyridinium derivatives. The data for the elemental analysis are in fair agreement with their theoretical values. The NMR data for derivatives are shown in Table 3 . The signals of 4.106-4.651 ppm (2H, t) and 0.892-0.895 ppm (3H, t) were assigned to the methylene proton of N+-CH2-and terminal methyl proton of -CH3 , respectively. The signals of 1.280-1.290 ppm(16H, m) , 1.317-1.445 ppm (2H, m) and 1.794- groups, at the 2,4 and/or 6-positions of the pyridine ring enhanced their antimicrobial activity. In this study , almost all iodides having an electron-releasing group on the pyridine ring exhibited strong bactericidal activity. Particularly the iodides having one or two amino substituents on the pyridine ring exhibited strong activity compared with N-dodecylpyridinium iodide (P) . The activity was markedly enhanced by introducing two amino groups (no. 19, 20) . On the other hand, the activity of iodides (no.10-14) was highly reduced by the introduction of electron-attracting groups such as the carbamoyl and carboxyl groups. Similarly the kind of substituents on the pyridine ring affected their bacterioclastic activity. The introduction of an electron-releasing substituent enhanced their bacterioclastic activity. The acidic dissociation constant (pKa) of the corresponding pyridine, the chemical 
